| INTRODUCTION
Blood donation is a voluntary procedure. Donation of blood and blood components, as well as donor eligibility needs to be determined and evaluated by a physical assessment, a health history determination and hemoglobin (Hb) measurement before blood donation.
-3 In
Turkey, there are about 2.7 million blood donation requirements per year. 4 About 2.1 million blood donations are provided by the Turkish Red Crescent and 600 000 blood donations are provided by local stations in the universities. Blood donation requirements in Turkey are a physical determination, conduction of the Turkish Red Crescent Blood Donor Questionnaire, 5 and Hb measurement with point-of-care testing (POCT) for eligible donors. The Hb levels for donor eligibility are more than 13.5 g/dL for males and more than 12.5 g/dL for females.
The determination of hemoglobin levels prior to donation is usually performed through the invasive capillary POCT method. It is rapid and cheap, but painful and has a risk of infection for donors. The gold standard for hemoglobin measurement is performed with the automated cell analyzer. However, it is time consuming and risky for health care personnel because of the needles. Consequently, noninvasive
POCT devices which are user-friendly and that provide donor safety are developed, which skips a painful step like pricking the finger or venipuncture.
Owing to being a country with high blood donation numbers, evaluation of the suitability and accuracy of the POCT devices is essential.
Therefore, we aimed to compare the POCT devices with the reference method of Hb measurement as part of the blood donor screening process of this study.
| MATERIALS AND METHODS

| Study protocol
Participants of this study consisted of voluntary individuals with no known significant health problems and considered themselves as healthy individuals who were admitted to the Ankara Atatürk 
| Noninvasive POCT method
The noninvasive POCT method runs on battery power based on transcutaneous reflection spectroscopy. 6 The palm side of the finger of the right hand is attached to button sensors of the device. A sensor head placed on the skin reflects a white light into the underlying tissue (0.5-0.9 mm) over a waveguide. The tissue components absorb some projected light, but some of it is reflected back on the device.
Eventually, the spectrometer breaks the light down into its divided wavelengths and an electronic measurement unit tests it. The quantitative value is represented on the device. The measuring range of the noninvasive POCT method is between 9 and 18 g/dL. 
| Precision study
All devices (Haemospect, HemoControl, and Sysmex XE-2100) were well calibrated and controlled; manufacturers' instructions were followed while performing the Hb measurement. The HemoControl was calibrated with the manufacturers' calibration cuvette (Hb value was 15.6 g/dL) during the study period.
To investigate the precision of the venous method and the invasive POCT device, two levels of commercial quality control materials for each device were analyzed. For the noninvasive POCT method, two healthy volunteers (their Hb values were stable) who did not participate in the blood donation process were included in the analysis of within-day and between-day imprecision. The palm side of the fingers of these subjects was measured by the noninvasive POCT device. The within-day and between-day CVs were calculated. The within-day CV's The allowable total analytical error (TEa) was calculated using internal and external quality control results according to Ricos C. et al study 11 for the venous method, served as a reference and the obtained
4.09% value was under the TEa limit of Hb (±7%).
12 TEa of the POCT devices were not calculated because there were no external quality control materials for the POCT devices.
| Statistical analysis
Descriptive statistics were calculated for the three methods using Table 1 ).
The subjects were divided into two groups as eligible and ineligi- But the noninvasive POCT method and the invasive POCT method had low PPV values: 51.28% and 68.63%, respectively. The percentage of donors that were determined falsely with the noninvasive and invasive POCT methods was 25.66% and 13.14%, respectively. Fiftyseven of the volunteers were determined falsely as ineligible using the noninvasive POCT method due to its poor sensitivity. Thirty of the anemic volunteers were determined as eligible donors using the Values are mean ± SD.
T A B L E 1 Characteristics of subjects for the noninvasive POCT method, the invasive POCT method, and the venous method noninvasive POCT method. On the other hand, this number was only 14 using the invasive POCT method ( Table 2 ).
Predonation screening using POCT methods and the venous method was shown in Table 3 
| DISCUSSION
In this study, measurements obtained from different devices for Hb screening were compared. To our knowledge, this is the first study in Turkey, where there are about 2.7 million blood donations per year and blood donations are provided mainly by the Turkish Red Crescent.
The popularity of POCT methods is increasing because of it being easy-to-use and most blood donation centers prefer to use POCT devices instead of using the venous method as well as the Turkish Red
Crescent. For this reason, it is important to determine the accuracy of POCT devices and the accordance between the POCT devices and the venous method. As distinct from the other studies, biochemical/ hematological parameters of eligible and ineligible donor groups were also evaluated. According to our results, there was no difference between these two groups of these parameters (P > .05).
The ideal Hb screening method should be practical, portable, inexpensive, noninvasive, painless, user-friendly; should offer high sensitivity, specificity, accuracy and precision, low false deferral rates, and false pass rates. Sensitivity (83.33%), specificity (87.97%), and NPV (94.35%) values of the invasive POCT method were high. Owing to its false deferral rates, the PPV (68.63%) value of the invasive POCT method was moderate. The noninvasive POCT method was inefficient for detection of ineligible volunteers owing to its high false deferral (n = 57 donors) and false pass rates (n = 30 donors) (25.66%). Also, donating individuals were negatively affected because of these false pass rates. On the other hand, the real donors were missed because of falsely rejected donors. In the literature, there are studies in which the noninvasive POCT method was observed more sensitive and specific and had a lower bias than our study. However, these studies had lower blood donor numbers than our study. 6, 14 The accuracy of the temperature. Therefore, in this study, Hb measurements were not able to be performed in 11 volunteers using the noninvasive method owing to these factors.
TEa of the reference method was 4.09% and within the recommended allowable error limits for Hb (±7%). 12 The within-day and between-day CVs of the reference method meet the manufacturer's specifications (<2). To determine the accordance between POCT methods and the venous method, the Bland-Altman plot and the scatter plot were utilized. Our results showed that Hb levels of all donors were slightly underestimated using POCT methods in comparison to the venous method. The bias of the invasive POCT method and the venous method was almost zero. Similar results were obtained by other studies. 14, 16 As distinct from other studies, the Bland-Altman plots of both sexes were shown in our study, respectively (Figure 1 ). When the average of measurements of the noninvasive POCT method and the venous method increased, the mean difference of two methods increased negatively (r = −.34, P < .001) so that there was a proportional error. Therefore, in male donors with high Hb levels, the noninvasive POCT method showed high bias due to this proportional error. There is evidence of high correlation (r = .91, P < .001) and low bias (−0.02) between the invasive POCT method and the venous method. The invasive POCT method was observed to be more coherent with the venous method than the noninvasive POCT method.
Comparison of Hb values of capillary blood and venous blood is a controversial issue. Some reports show that Hb values are higher in capillary blood than venous blood, 14, 17, 18 whereas the others show the direct opposite. 16, 19, 20 Capillary measurements of Hb using POCT methods were lower than the venous method of our study (Table 1) .
On the other hand, the 10 volunteers were defined falsely as deferral donors with both capillary methods and the reason for this result is unknown.
The accordance of eligible and ineligible donors between the POCT methods and the venous method must be high. Because, Hb levels are at a cut-off limit. As a result, they might take iron replacement therapy.
In conclusion, to protect the donors' health prior to blood donation, testing is crucial. The Hb measurements need to be accurate and precise to determine eligible and ineligible donors properly for donation and to prevent loss of money and time. In this study, we compared the Haemospect and the HemoControl devices, but the performance and accuracy of each POCT device may differ. If the disadvantages of mentioned POCT devices are minimized, they can replace the devices using the venous method of Hb measurements. Otherwise, other POCT devices on the market can be provided. Nevertheless, it should be taken into consideration that the results of the POCT devices might be false. Prior to blood donation, the answers given by the volunteers to the questionnaire should be considered important.
Thus, noninvasive POCT devices may encourage an increase in the number of donors for blood donation. Our study might be a reference to blood donation centers using mentioned POCT devices.
F I G U R E 2 Scatter plots of the Haemospect and the HemoControl
